[Abstract] Mosaic analysis in Drosophila, an important tool to assess cellular phenotypes of mutants in an otherwise heterozygous background, relies on mitosis. Hence, it cannot be used to inactivate gene function in mitotically inactive, terminally differentiated cells such as neurons. To address this issue, we developed "Flip-flop", a novel, Flippase-dependent in vivo cassette-inversion method that functions independent of mitosis, and therefore can be used for gene inactivation in both mitotic as well as post- 
order to test whether the phenotype is due to the mutation within the gene of interest by performing a rescue experiment. Third, unlike MARCM, this method does not rely on cell division and can be used for conditional gene inactivation in post-mitotic cells such as neurons. Moreover, the PT orientation of Flip-flop reveals the natural expression pattern and protein localization of the gene in which they are inserted. Together, these advantages will allow Flip-flop users to rapidly develop reagents necessary for conditional inactivation of genes that permit functional analysis at unprecedented detail. cassette. The cassette consists of two independent modules (PT and GT), that are oriented in opposite orientations. The PT module contains a splice acceptor (SA), followed by an EGFP tag and a splice donor (SD). The GT module contains an SA sequence, followed by the T2A peptide coding sequence (which will induce a translational skip), the mCherry coding region, stop codons in all 3 www.bio-protocol.org/e3157 into the coding intron of a hypothetical gene. Upon FLP-expression, the "Flip-excision" (FLEx) switch undergoes two recombination events: (1) recombination between the two FRT sites or between the two FRT14 sites leads to cassette inversion that is followed by (2) excision of either the pair of FRT sites or the pair of FRT14 sites. The pair that is excised during the second step is dependent on the pair that underwent recombination in the first step. e.g., if the first recombination occurred between two FRT sites, the FRT14 sites will be turned into the same orientation and will recombine in the second step. This will remove one of the FRT and one of the FRT14 sites. Conversely, if the FRT14 sites recombined in the first step, the FRT sites will recombine in the second step, and once again remove one of the FRT and one of the FRT14 sites. But, following the second recombination step, the remaining unpaired FRT and FRT14 sites are not able to recombine, and the cassette will be locked in the GT orientation. Thus, the initial PT orientation allows the gene to be tracked by EGFP- Below, we describe the procedure to develop Flip-flop stocks from two existing MiMIC lines through embryonic injection and transgenesis, as well as molecular confirmation of stocks using PCR. We have also described some experimental strategies that can be used to evaluate Flip-flop in different cell types at different stages of development.
Materials and Reagents
A. Consumables We refer to the gene of interest as "gene" in these schemes. Consequently, gene null is used to refer to a strong loss of function allele that is derived from a different source other than the Flip-flop stock.
Flip-flop stocks are indicated with gene EGFP-T2A-mCherry -indicating that they are in the PT orientation.
We also provide selected examples of results of mosaic tissue generated using Flip-flop in mitotic as well as post-mitotic cells from our previous study. We track the formation of mosaics using genetically encoded fluorescent markers that are expressed from the genomic location of the corresponding genes.
For mosaic analysis using Flip-flop, we recommend using a combination of Flip-flop and a strong 
Conditional gene inactivation in mitotic cells
In this section, we describe Flip-flop mediated gene inactivation in mitotically active cells in a tissuespecific manner as well as in random mosaics. We used a Flip-flop insertion in a gene encoding We chose nSyb-GAL4 as it is a well-characterized driver of GAL4 expression in mature neurons.
However, it is constitutively expressed in neurons. To achieve conditional inactivation in adult neurons and not in larval neurons, we limited the activity of nSyb-GAL4 during development using a temperature sensitive GAL80 (GAL80 ts ). GAL80 is a well-known inhibitor of GAL4 and can be used to suppress the expression of GAL4/UAS-driven FLP during development. Maintaining the 10 www.bio-protocol.org/e3157 suppressed FLP (GAL4/UAS-FLP, GAL80 ts ) carrying stocks at low temperature and then switching to a higher temperature in adults will restrict FLP expression at low temperature and drive the expression of FLP at high temperature. Hence, a temperature shift post-development will lead to Flip-flop cassette inversion predominantly in the adults. This approach can be used for the identification of adult neuronal functions of genes which are essential for proper development.
Below, we describe a generic scheme wherein any neuronal GAL4 can be used to generate stocks that permit conditional gene inactivation in neurons during development as well as in adult brain using Flip-flop ( Figure 5A ). 
Data analysis
Flip-flop mediated mosaic generation in the eye-antennal imaginal discs and the adult gut allows to evaluate the requirement of SNF4Aγ in eye development and in the induction of autophagy in adult guts. We also used Flip-flop to generate mutant mosaics in the adult brain. In this section, we describe the functional insights into the role of SNF4Aγ, obtained through the use of Flip-flop using methods described in Procedures A, B, and D.
Generation of SNF4Aγ and Trim9 Flip-flop lines:
We generated SNF4Aγ and Trim9 Flip-flop lines by co-injecting Flip-flop constructs and PhiC31 integrase plasmids as described in Procedure A. We further confirmed the orientation of Flipflop cassette by PCR assay described in Procedure C. We established biologically functional protein trapped lines for both the genes (Figure 2A and 2B), which were further used for Flipflop assays.
2. SNF4Aγ is essential for proper pattern formation during eye development:
We used a severe loss of function We gave heat shocks to the collected flies on Days 4 and 5 at 37 °C in an air-incubator for 2 h and starved by keeping them in vials containing 10% sucrose agar for 24 h ( Figure 4B ). Make up the volume with water to 100 ml and microwave until dissolved, stirring occasionally
